The objective of this study is to investigate the trend of hydrologic variable changes by applying the Mann-Kendall statistical trend test to daily historical record of reservoir operations data such as inflow to dam reservoirs, release from dam reservoirs, dam storage as well as precipitation and temperature. The five large scale dam reservoirs located in the northern, central and western parts of Thailand are selected to analyze the trend of the Ping River basin having the Bhumibol dam, the Nan River basin having the Sirikit dam, the Pasak River basin having the Pasak Jolasid dam and the Mae Klong River basin having the Srinagarind and Vajiralongkorn dams. Through the analysis, we found that the temperature and precipitation show increasing trends except the Ping River basin; water resources availability in terms of inflow to the Bhumibol dam and Pasak Jolasid dam shows decreasing trend during dry season; the inflow of all reservoirs in rainy season had increasing trends; and dam release of the all reservoirs shows significant increasing trends in the dry season. Furthermore, water storage for the Bhumibol dam were found decreasing trends throughout the year while the Srinagarind dam was detected increasing trends. Also, the increasing trends of water shortage in the Bhumibol and Pasak Jolasid dam, and raising trend of excess storage volume in the Sirikit dam and both dams in the Mae Klong River Basin were observed.
INTRODUCTION
Climate change causes clear temperature increase for decades or even longer periods (IPCC, 2013) 1) , which significantly affects various hydrologic processes in time and space distribution patterns and quantity of precipitation and evapotranspiration. There are numerous earlier studies which focus on trend analysis of atmospheric and hydrologic variables in quantity and quality using historical data and GCM data. For example, Tao et al. 2) analyzed the trends of streamflow in the Tarim River basin during the past 50 years using historical data, and Duong et al. 3) examined the impact of river discharge changes by using a distributed river flow routing model and GCM datasets in the Indochina Peninsula region.
In the Southeast Asian countries such as Thailand, agriculture is the main source of the economy and it ensures the well-being of the people. Therefore proper planning of water resource development as well as the utilization based on uncertainty in climate change impact is very necessary. Tebakari et al. 4) found the impact of two large-scale reservoir operation on flow regimes before and after reservoir development, which reveals the great change of natural flow to stabilized flow through the year. Now water demands are highly interacted among various sectors, so unless the water resources are managed with a balance approach of supply and demand, its sustainability will become at risk.
In this study, the trend of various hydrologic variables related to dam reservoir operations such as inflow to dam reservoirs, release from dam reservoirs, dam storage as well as precipitation and temperature using long historical record are examined with the Mann-Kendall test. The trend analysis results provide information to propose adaptive dam release operation rules under changing climate, which will be combined with GCM data analysis for challenges and responses to extreme climatic events. 
MATERIALS AND METHODS
River basins in Thailand are studied, which are located in the Southeast Asia with an area 513,115 km 2 . The basins experience tropical climate with clear dry and wet seasons defined as follows: the dry season starts from November until April and the rainy season starts from May until October in the central and northern part of Thailand. In the western river basins dry season starts from January until June and rainy season begins July until December.
(1) Study areas and data collection
The five large scale dam reservoir basins located in the northern, western and central parts of Thailand as shown in Daily temperature and precipitation data were collected from 25 meteorological stations for the period of 1980-2011; and time series of daily dam inflow, dam release and storage data were obtained from the Electricity Generating Authority of Thailand (EGAT) and Thai Royal Irrigation Department (RID) for the period of starting reservoir operation. The reservoir characteristics are given in Table 1 . The spatial distribution of the selected meteorological stations in Thailand is shown in Fig. 1. 
(2) Trend analysis methods
Detecting trends in hydrologic, climatic, water quality and other natural time series has been an active topic for more than three decades now. Statistical tests for the detection of significant trends in hydrologic and climatologic time series can be classified as parametric and non-parametric methods. The parametric trend tests require sample data to be independent and distributed according to a certain distribution function, while the non-parametric tests need only that the data to be independant 5) . The Mann-Kendall trend test 6), 7) is one of the widely used non-parametric tests to detect significant trends in time series. The Mann-Kendall trend test is based on the correlation between the ranks of time series and their time order. The statistics S calculated as equation (1) represent the number of positive differences minus the number of negative differences for all the differences considered as (1) where n is the number of total data points, x i and x j are the data values in time series i and j (j>i), respectively, and sgn (x j -x i ) is the sign function as (2) The variance of the Mann-Kendall statistic is calculated by equation (3) as
where n is the number of total data points, m is the number of tied groups. The tied group means a sim- 
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ple data having the same value. The t i indicates the number of ties of extent i. In case of the sample size n > 10, the standard normal test statistic Z S is estimated by equation (4) as
The positive values of Z S show increasing trends while negative Z S values present decreasing trends. In this study the 1% and 5 % significance level α were used. When
, the null hypothesis is rejected and a significant trend exists in the time series. 
(3) Data analysis
The observation data used in this study consists of daily precipitation, temperature, daily dam inflow, dam release and storage volume. The daily precipitation, dam inflow and dam release flow data were summed up for monthly, seasonally, and yearly and developed monthly, seasonally and annual time series data for the trend analysis. The daily temperature data were averaged monthly, seasonally, and yearly and developed for each time series data. Similarly the dam storage volume time series were averaged at the end of each month. After compiling of all-time series data on each parameter, the monthly time series in the designed month was selected to generate new time series for the Mann-Kendall trend analysis.
In addition, the seasonal analysis was also conducted by dividing the dry season (November to April) and the rainy season (May to October) for the northern and central of study area. The season for the western of study area is delayed, so the calculation was chosen for the dry season (January to June) and the rainy season (July to December) for each hydrologic parameter.
RESULTS AND DISCUSSION (1) Analysis of temperature and precipitation trend
Results of applying the statistical tests for seasonal and annual temperature and precipitation trend over the period 1980-2011 are presented in Table 2 and Table 2 , the Z S values in equation (4) are presented. The positive values represent the increasing trend and the bold values show statistically significant at the 5% or 1% significant level.
All of metrological stations showed the slight significant increasing trends except some stations near to the BB dam stations while the other stations trends present increasing trend in terms of temperature and rainfall. For the results of the temperature trend, the Wichianburi and Maejo stations in the Pasak River basin and the Ping River basin showed insignificant increasing trends at the 1% significance level of temperature in all seasons. The other metrological stations have slightly increasing and decreasing trends in the dry and rainy seasons. The mean temperature in the Pasak, Nan and Mae Klong River basins showed the increasing trend, which means the evapotranspiration trend in those river basins would increase because the temperature is a main factor of evapotranspiration component. The precipitation trends of the Pasak, Nan and Mae Klong River basins also slightly increase as similar trends with the temperature. 
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The output of the analyzed inflow series was summarized in Table3. The inflow series of the SK dam at the Nan River basin and the SR dam at the Mae Klong River basin were found significant increasing trends throughout the year, which were corresponding with the increasing precipitation trends. Both increasing and decreasing trends were detected at the BB, PS and VRK dams. The VRK and BB dam have a strong significant decreasing trend at the 1% significance level in early dry season. The Pasak reservoir was found only three months of slightly increasing trends comparing with other nine month significant decreasing trends, even though the precipitation trends in the Pasak River basin have been detected increasing trends in all stations that cover the basin. This suggests the higher evapotranspiration rate occurred correspond to the results of the increasing mean temperature trend in the Pasak River basin, which caused the decreasing amount of water resources in the basin. Table 4 . According to these results, the significant increasing trend at the 1% significance level of dam release flow during the dry season were found except the Pasak dam, however the dam release flow of the Pasak dam has a little significant increasing trend especially on December and January at the 1% significance level. The inflow trends of the BB and SK dams during the early rainy season (May to July) found increasing trends as shown in Table 3 . Therefore, the release of the BB, SK and PS dams in the rainy season have significant decreasing trend to store the flood flows in the Ping, Nan and Pasak Rivers. In brief, the results show generally increasing significant trends in the dry season of release flow in all reservoirs for high water demand, and decrease trends in the BB, SK, and PS dams to store water in the rainy season. 
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Results of the Mann-Kendall test to the monthly storage volume at the end of each month are presented in Table 5 . As shown, the majority of the monthly trends in the BB dam have a significant decreasing trend due to reservoir operation based on the existing rule curve while the SR dam shows an increasing trend throughout the year. The SK and VRK dams remain the similar trends of increasing trends in rainy season and of decreasing trends in dry season as a natural condition. The water storage trend of the Pasak dam found strongly decreasing trend at the 1% significance level in late dry season due to increased water consumption as indicated in Table 4 .
(5) Insufficient and excess storage volume
Insufficient and excess storage volumes were also evaluated from the beginning of each dam operation. The insufficient storage volume means the amount of volume below the lower rule curve while the excess volume represents the total of volume exceeding the upper rule curve. The explanation of the insufficient and excess storage volume is illustrated in Fig. 3 . The results of this analysis are summarized in Table  6 . At the BB dam, increasing of insufficient storage volume trends was detected, which is corresponding to the results of section (2) and (3) for the analysis of reduced inflow and increasing outflow trends results. 
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The PS dam also had significant inflow and outflow trend results similar with the BB dam nevertheless the results of insufficient and excess storage volume results of the PS dam have indistinct. The SK, SR and VRK dams show gradually rising trends of excess storage volume which are the same as inflow trends of preceding section that represent the water resources in those areas would be increased.
The number of insufficient events in the BB, SK and SR reservoirs found biennial on average. The PS dam has a small capacity comparing with other dams, so many insufficient and excess events were detected within fifteen years. However, the VRK dam was also found the excess events with fourteen times to cope with floods. According to the dam characteristics in Table. 1, the large scale reservoirs such as the BB and SR dams have an advantage to address the floods for four and two events, respectively.
CONCLUSIONS
The trends of hydrologic variables were analyzed statistically based on long term historical data by using the Mann-Kendall trend test. Our findings are summarized as follows:
 Through the analysis, we found that the temperature and precipitation trends show increasing trends nevertheless at the Ping River basin temperature and precipitation trends show decreasing trends.  The water resources availability in terms of inflow to the BB and PS dam shows decreasing trend during the dry season. The inflow of all reservoirs in the rainy season has increasing trends.  For dam release from the reservoirs, generally increasing significant trends appear in the dry season in all reservoirs. Only the BB and SK dam have decreasing trends during the rainy season.
 As a result, dam storage for the BB dam was found dramatically decreasing trends throughout the year while the SR dam was detected increasing trends.  These insufficient and excess storage results indicate the increasing trends of water shortage in the BB and PS dam and also the rising trend of flood in the SK, SR and VRK reservoirs.
The further study will be combined with the analysis of the historical data and GCM outputs for development a new rule curve for adaptive dam reservoir operation.
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Table6 Results of insufficient and excess storage volume. 
